I. INTRODUCTION
Hydrogen bonding plays a major role in defining the organization of matter, at both molecular and supramolecular levels, with effects ranging from the structuration of liquids to the shape of biomolecules. 1 Of special interest is the intramolecular hydrogen bond, in which the donor and acceptor parts belong to the same entity. They tune the biomolecules' folding patterns and the way in which they interact with each other or with the solvent. In smaller systems as well, intramolecular hydrogen bonding has important structural consequences. Among them, the amino-alcohol motif has attracted particular interest due to its ubiquity in many life-related systems such as neurotransmitters or drug design. 2 For example, the presence or absence of a hydrogen bond in 3-aminobutan-2ol, which depends on the stereochemistry of the hydroxyl and amino-bearing carbons, dictates the solid or liquid state of the molecule at room temperature. In larger systems as well, the presence or absence of an intramolecular OH· · · N hydrogen bond has important consequences in biological processes, which has prompted the study of numerous neurotransmitters based on the amino alcohol motif in the gas phase. 3, 4 Unless strong steric constraints are imposed by bulky substituents or cyclic structure, [5] [6] [7] the most stable structure of 1,2 amino-alcohols isolated in the gas phase or in a van der Waals matrix displays an intramolecular OH· · · N hydrogen a) Email: pierre.asselin@upmc.fr bond. Depending on the strength of this hydrogen bond and on the environment, other conformations, either open or involving an NH· · · O interaction, may be observed. 8 In particular, the intramolecular H-bond is disrupted in the bulk where intermolecular H-bonds, in which both nitrogen and oxygen can act as acceptors, are predominant. 9, 10 Isomerization from the most stable structure to a NH· · · O form has been photochemically induced in a cryogenic matrix. 11 Complexation in jet-cooled conditions may also favor the less stable NH· · · O form, as observed in complexes between an aromatic alcohol and amino-alcohols, 12, 13 as well as other open forms. 4, 14 The paradigm for intramolecular OH· · · N interaction is 1,2 aminoethanol, referred to as AE hereafter. Its conformation has been the subject of numerous experimental studies in the microwave 15, 16 or millimeter range in the gas phase. 17 IR spectroscopy has been reported for AE isolated in a cryogenic matrix 9 or in a supersonic expansion 18 in the hydride stretch region. The vibrational spectroscopy study of gas-phase AE has been extended to the hydride stretch overtones region. 19 The conformational preference of AE in polar or non-polar solvent has been studied by NMR; the gauche conformation is always favored. 20 Numerous theoretical studies have been carried out in addition to the experimental approaches. 19, [21] [22] [23] [24] Both gauche effects and intramolecular hydrogen bonds contribute to the increased stability of the gauche forms; while the gauche effect has been suggested to play a major role in polar solvents, intramolecular hydrogen bond is dominant in non-polar solvents or in the gas phase. 23, 25 We revisit here the vibrational spectroscopy of AE and its dimer in the hydride stretch, mid infrared (MIR), and far infrared (FIR) regions, by means of the Jet-AILES apparatus, installed on the infrared beamline AILES at the synchrotron facility SOLEIL. [26] [27] [28] This experimental setup combines a continuous supersonic expansion with a pumping capacity adapted to high molecular flows and a high resolution Fourier Transform IR (FTIR) spectrometer. It enables probing the vibrational spectroscopy of gaseous and sublimated vapors of initially liquid or solid samples controlled in flow and temperature, over the whole IR range. In the first step, such a versatile spectroscopic probe is used in conjunction with high level ab initio calculations to characterize the vibrational signatures of the AE monomer and its structural properties. In the second step, vibrational signatures of the AE dimer are investigated and compared to ab initio frequency calculations.
II. EXPERIMENTAL AND THEORETICAL METHODS

A. Experimental details
Jet-cooled spectra were recorded using the Jet-AILES apparatus, already described in detail in previous studies, and coupled to the high resolution Bruker IFS 125 FTIR spectrometer implemented on the AILES beamline at the synchrotron facility SOLEIL. 24 Briefly, a slit nozzle of 60 mm length and 80 µm width was used to expand the sample into an expansion chamber connected to a set of root pumps delivering a pumping capacity of about 1800 m 3 h 1 . Production of AE vapor from liquid AE (Aldrich, 98% purity) was regulated using a Controlled Evaporation Mixer (Bronkhorst CEM model W303A-22-K) supplied with a flow of helium or argon as a carrier gas (Bronkhorst 2-100 standard liter min 1 (slm) model F-202AV) and liquid AE (Bronkhorst mini CORI-FLOW 1000 g h 1 model M13). To avoid sample condensation, the vapor/carrier gas line and the stagnation reservoir of the slit nozzle were both moderately heated at 310 K.
In our supersonic expansion conditions, the backing P 0 and residual P 1 pressures were typically maintained in the 150-500 Torr and 0.2-0.8 Torr ranges, respectively. Jet-cooled FT spectra of 200 co-added interferograms were recorded at 0.5 cm 1 resolution with suitable combinations of infrared sources (Globar, tungsten filament), beamsplitters (composite, KBr-Ge, Si-CaF 2 ), and detectors (InSb, HgCdTe, Sibolometer).
Static absorption experiments at room temperature were performed by injecting 0.025 Torr of vaporized AE gas in a multipass cell in which the optics in White-type configuration were set to obtain 150 m absorption path from a base length of 2.5 m. Two polypropylene films of 50 µm thickness separated the cell from the interferometer for the experiments in the far-infrared range. Globar/composite/bolometer, Globar/KBr-Ge/HgCdTe, and tungsten filament/Si-CaF 2 /InSb configurations were used in the 100-600 cm 1 , 700-2000 cm 1 , and 3200-3800 cm 1 spectral ranges limited by different band pass filters, respectively.
B. Theoretical methods
Both AE monomer and dimer structures were optimized at the second order Møller-Plesset (MP2) level, with the augmented correlation-consistent basis set aug-cc-pVTZ (AVTZ) of Dunning and co-workers. 29, 30 MP2 calculations were performed with the Gaussian09 package. 31 Explicitly correlated coupled cluster calculations (CCSD(T)-F12) were carried out with the F12b approximation and the aug-cc-pVDZ (AVDZ) basis set using the Molpro2012.1 package. 32, 33 Due to computational cost, CCSD(T)-F12 calculations were limited to the monomer. All geometry optimizations were performed with the "very tight" convergence criterion and stationary points were checked with harmonic frequency calculations.
For the monomer, the anharmonic frequencies were calculated at the MP2/AVTZ level of theory using the vibrational perturbation theory (VPT2) approach as implemented in Gaussian09. 34 Anharmonic corrections obtained thereby were then used to correct the CCSD(T)-F12/AVDZ harmonic frequencies using Equation (1) to obtain hybrid CCSD(T)-F12/MP2 anharmonic frequencies. ω and υ are the harmonic and anharmonic frequencies, respectively,
The procedure consisting of applying anharmonicity corrections calculated at the MP2 or DFT level to the CCSD(T)-F12 frequencies led to an excellent agreement between theory and experiment for floppy molecules as well as H-bonded systems. 28, 35 Due to computational cost, a different procedure was followed for the dimer. The harmonic frequencies of the dimer were calculated at the MP2/AVTZ level and scaled by a mode-specific scaling factor, which takes into account the anharmonicity pattern specific to each vibration mode. 36, 37 The mode-specific scaling factor was deduced from the ratio between the observed and calculated corresponding frequency of the monomer. It should be noted that this procedure, referred to as "hybrid CCSD(T)-F12/MP2 level," is possible only if there is a direct correlation between the mode of the dimer and a mode of the monomer.
The hydrogen bonds network was visualized with the Non-Covalent Interaction (NCI) method. 38 This method and its applications to intramolecular H-bonds have been described recently in detail. [38] [39] [40] It rests on a topological analysis of the electron density ρ and its reduced gradient s(ρ) in regions of weak electron density and small reduced gradient. The zones where s(ρ) tends to zero, i.e., zones close to the minima of electron density, are characteristic of non-covalent interactions. The visualization was accomplished by plotting iso-surfaces of the reduced gradient which codes the interactions using a RGB coloring scheme resting on the sign of the second eigenvalue, λ 2 , of the Hessian matrix. Iso-surfaces with positive λ 2 are coded in red and correspond to repulsive regions, while iso-surfaces with negative λ 2 are coded in blue and correspond to favorable interactions. It should be noted that these red and blue iso-surfaces correspond to ring critical points (RCPs) and bond critical points (BCPs), respectively, defined in the QTAIM approach. 41 In the particular case of intramolecular hydrogen bonding, the favorable hydrogen bond is always accompanied by steric constraints due to the formation of a Hbonded cycle, which appears as a bicolor blue/red iso-surface.
Finally, regions with λ 2 close to zero correspond to weak delocalized interactions like dispersion and are coded in green. The color intensity and the shape of the iso-surface also give important information: the stronger the interaction, the more intense is the color and larger the reduced electron density in the isosurface. Moreover, strong directional interactions appear as small localized iso-surface, while multicentric or delocalized interactions appear as extended iso-surfaces. The input electronic density for the NCI calculations was obtained from the Gaussian .wfn output file at the MP2/AVTZ level (using Density = Current keyword), and a cut-off of 0.35 was applied. The 3-D NCI images were plotted using the VMD software with an isovalue of 0.4. 42
III. EXPERIMENTAL RESULTS
Two spectral regions were mainly investigated, namely the hydride stretch region (3250-3650 cm 1 ) and the fingerprint region (850-1850 cm 1 ), to identify the vibrational signatures of AE and its dimer. Figure 1 displays a series of jetcooled FT spectra recorded for different dilutions of AE/carrier gas mixtures in the hydride stretch region. An expansion of helium seeded with AE was used first to avoid cluster formation. In these conditions, only one band at 3567.8 cm 1 is observed (Figure 1 (a)) with partially resolved rotational branches, assigned to the AE monomer. When replacing helium by argon, AE complexation is expected as evidenced in previous hydrogen bonded studies. 28 At low AE concentration ( Figure 1(b) ), two additional features, broader than that of the monomer (3567.8 cm 1 ), appear at lower frequencies.
They consist of an intense band at about 3304 cm 1 assigned to the dimer and a weaker one at 3388 cm 1 . At higher AE concentrations a narrow band at 3430 cm 1 is clearly distinguishable, which belongs to the Q branch of the monomer (Figure 1(c) ). Finally, the AE concentration increase from 25 to 100 g/h is correlated with the collective growth of both broad overlapping bands around 3350 and 3388 cm 1 apparently stronger than that of the 3304 cm 1 band (Figure 1(d) ). On the grounds of only AE concentration effects, no definite assignment can be proposed. The 3388 cm 1 band first observed under the same conditions as the dimer band is tentatively assigned to a trimer, while the 3350 cm 1 band could correspond to a less stable conformer of the trimer or a tetramer.
The same procedure was followed in the fingerprint region. The spectrum recorded with helium as a carrier gas (Figure 2 (a)) is expected to contain only monomer bands. Twelve of them are observed, at 880, 901, 1049, 1093, 1165, 1232, 1280, 1343, 1376, 1397, 1463, and 1625 cm 1 (Table I) . Few bands display an intense Q branch such as those at 901, 1049, 1376, and 1463 cm 1 . This rotational signature will give complementary information about their assignment (vide infra). recorded with argon as a carrier gas, at different AE concentrations. Dimer absorption bands are expected to appear only in the spectrum recorded in argon and to increase with concentration, i.e., from Figure 2 (b) (with experimental conditions identical to those of Figure 1 (b)) to Figure 2 (c). This is the case for the three unstructured bands observed at 919, 1037, and 1579 cm 1 . In the poorly sensitive 700-900 cm 1 range, jet-cooled spectra were also recorded using the same effects of dilution and nature of carrier gas to evidence monomer from dimer absorptions, but no additional dimer absorption was detected. Finally, jet-cooled and room temperature cell spectra were both recorded in the far-infrared range (100-600 cm 1 ). A remarkable simplification of the bands observed in the cell is obtained with the Jet-AILES expansion (Figure 3 ). Q branches only broadened by the apparatus function of the FTIR spectrometer were observed in the jet-cooled spectrum at 463 and 530 cm 1 while the huge width of bands observed in the cell, 40-100 cm 1 full-width-at-half-maximum typically for those centered at 210, 457, and 530 cm 1 , is probably due to the unresolved rotational structure of several fundamental bands, the presence of hot bands and of possible splittings related to the internal dynamics of AE.
Finally, 17 bands were assigned to the AE monomer and 4 bands to its dimer. The observed frequencies are gathered in Table I .
In the following paragraph theoretical results will be presented, namely the set of anharmonic frequencies for the most stable AE monomers and the corrected harmonic frequencies for the dimer. The bands observed in the FTIR spectra will be assigned by comparing the observed frequencies and those calculated for the different isomers of AE monomer, taking into account their relative population either in the cell at room temperature or in the supersonic expansion. In addition, simulation of the band contours observed in the fingerprint region will be used to confirm the assignments to the most stable isomer and assess the contribution of the less stable ones.
IV. THEORETICAL RESULTS AND DISCUSSION
A. Monomer
The conformation of 2-aminoethanol has been extensively studied as well as its modification upon the complexation with rare gas, water, or an aromatic alcohol. 9, 12, 14, 16, 18, 21 In the following, we shall refer to the notation widely used in the literature, in which the 13 possible conformers are labelled by three letters. 9 Figure 4 . Cartesian coordinates of each structure are reported in Part 1 of the supplementary material. The most stable conformation is g Gg , as it was concluded in all previous theoretical and experimental studies. It shows an intramolecular OH· · · N hydrogen bond that clearly appears as a bicolor analysis in the 3D NCI plot, as already reported. 19 The signature of the hydrogen bond appears as the blue component of the pellet while that of the ring closure corresponds to the red part. The other conformers are calculated at higher energy and display a weaker intramolecular hydrogen bond, either OH· · · N (gGg ) or NH· · · O (gGt and tGt). In the three higher-energy conformers, the weaker H-bonding interaction is accompanied by a lesser ring closure constrain, as evidenced by the lighter blue and red colors seen in the NCI plots. The stronger intramolecular interaction in g Gg also manifests itself by a larger electronic density at the critical point characteristic of the hydrogen bond (0.0205 for g Gg vs. 0.0119 for gGt, 0.0127 for gGg and 0.0113 for tGt). It should be noted also that the critical density is larger for the conformers showing an OH· · · N bond (g Gg and gGt) than those with a weaker NH· · · O interaction.
The ground state rotational constants computed at the MP2/AVTZ level for the four isomers shown in Figure 4 are reported in Table II as well as the planar moment FIG. 4 . 3D NCI plot of the four most stable isomers of AE monomer. The group in front is that acting as a hydrogen-bond donor, namely OH for g Gg and gGg and NH for gGt and tGt. Electronic and [ZPE corrected] relative energy (kJ/mol) at the CCSD(T)-F12/AVDZ level of theory are also reported. Note the bicolored isosurface characteristic of intramolecular interaction and the more intense color in g Gg , which shows a stronger interaction. TABLE II. Calculated hybrid CCSD(T)-F12/MP2 anharmonic frequencies (cm 1 ) for the four most stable isomers of AE and MP2/AVTZ IR intensities at the harmonic level (km/mol) are given in parentheses. IR intensities (%) relative to that of ν OHb are reported in square brackets for g Gg for easier comparison between experiment and calculations. IP: in phase vibrations. OOP: out of phase vibrations. Equilibrium rotational constants (denoted by subscript e) at the CCSD(T)-F12 and MP2 level (in parentheses). Ground state rotational constants (denoted by subscript 0) at the MP2 level (in parentheses). ∆P cc (u Å 2 ) is the difference between experimental and calculated planar moment of inertia P cc .
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Expt. of inertia P cc and its difference ∆P cc with the experimental value. The ground state rotational constants are very similar to each other. In particular, both g Gg and gGg isomers could match the experimental constants obtained by Tubergen et al. 16 On the basis of energetic criteria and ∆P cc , the observed isomer can be safely assigned to g Gg , in agreement with Tubergen's conclusions. Very good agreement between our calculations and the experiment was found for B 0 and C 0 within 0.5%. On the other hand, the agreement is not satisfactory for A 0 which shows an error of 3% relative to the experimental value.
As the A e values calculated at the MP2 or CCSD(T)-F12 levels are nearly identical (0.4831 cm 1 and 0.4843 cm 1 , respectively), the difference between MP2 and experimental A 0 values is not due to a problem of electronic correlation treatment but rather to an overestimation of the anharmonic correction.
The hybrid CCSD(T)-F12/MP2 anharmonic frequencies of the four most stable isomers of AE are reported in Table II as well as the corresponding experimental data. Harmonic and anharmonic MP2/AVTZ frequencies are reported in Part 2 of the supplementary material, as well as harmonic CCSD(T)-F12/AVDZ frequencies.
The IR vibrational signatures computed for the four AE isomers clearly differ from each other. Comparison of the computed anharmonic frequencies and those attributed to the AE monomer in the experimental spectrum leads to the unambiguous conclusion that the observed isomer is g Gg . The agreement between the theory and experiment is excellent for the frequencies between 3600 and 900 cm 1 (with a root-means-square deviation (RMSD) of 4 cm 1 and a maximum deviation of 7 cm 1 ). It is however less satisfactory for the frequencies below 900 cm 1 , with an RMSD of 25 cm 1 and a maximum deviation of 33 cm 1 . This reflects the limits of the VPT2 approach and its difficulties in describing large amplitude low frequency vibrational modes. 43 We searched for other contributions than the fundamental bands of the g Gg isomer of the AE monomer in the FTIR spectra. An additional proof of the spectral assignments can be provided by band contour simulations of the most intense fundamental bands of the four most stable isomers of AE. The simulation has been performed in the 800-1850 cm 1 fingerprint region using the computed ground and excited state rotational parameters, band centers, and intensities. The intensity cutoff for g Gg is 7 km/mol, which represents our detection threshold in jet. A relatively low cutoff (30 km/mol) is fixed for the less stable ones to account for the error bar in the calculated intensities. The band type has been determined from the projection of the dipole moment derivatives on the principal inertia axes using the IOP(7/33 = 1) keyword in Gaussian09 for MP2/AVTZ harmonic frequencies calculation.
In the first step, vibrational signatures of the three less stable isomers in jet-cooled conditions should be assessed. Especially in the 800-1100 cm 1 range, the cumulative intensities of ω NH 2 , ν CC , and the in-phase or out-of-phase combinations of the CN and CO stretches (noted ν CN,CO sym and ν CN,CO asym hereafter), as well as weaker ν CC stretches of gGt, gGg , and tGt, could lead to a residual spectral background which would result to an overestimated experimental intensities of both symmetric and asymmetric ν CN,CO stretching bands at 1049 and 1093 cm 1 (Table II) . The progressive disappearance of such a background in both spectra of Figures 2(b) and 2(c) correlates well with a more efficient relaxation towards the most stable isomer g Gg in argon seeded expansions.
A delicate point is to properly estimate the relative population of the isomers g Gg /gGt/gGg /tGt (predicted to be 76/8/8/8 at room temperature from a Boltzmann distribution calculation). From the jet-cooled FTIR spectra it is out of reach to derive the vibrational temperature in absence of hot bands and thereby to calculate the Boltzmann distribution. However, we could extract an upper limit for this relative population of the isomers by considering the ν OHb mode, experimentally observed for the g Gg isomer (Figure 1) with a signal-to-noise ratio of about 20. In gGt, gGg , and tGt, the corresponding mode is expected to be 50-120 cm 1 higher in energy than in g Gg , but is not observed (Table II) . Taking into account the intensities calculated for the four isomers (Table II) , the upper limit of the relative population could be estimated to 82/6/6/6, which represents the most favorable case to observe less stable isomers in the jet-cooled spectra. Introducing this ratio in our band contour simulations proves that the contribution of less stable isomers is almost negligible in the fingerprint region ( Figure 5(c) ), even in the 800-1100 cm 1 range where the contribution of less stable isomers only cannot explain the large differences observed between the experimental and theoretical intensities of both ν CN,CO sym and ν CN,CO asym bands. On the other hand, the cumulative intensities of the bands due to less stable isomers in the FIR range (180-400 cm 1 ) are of the same order as that due to the g Gg isomer (Table II) . Low frequency motions such as τ NH 2 , and in lesser extent δ OCCN bands of gGt and tGt, should notably contribute to the 100 cm 1 fwhm band centered at 210 cm 1 . On the other hand, the τ OH band of gGg calculated at 389 cm 1 agrees well with the small shoulder unassigned until now and observed at ∼380 cm 1 in the cell spectrum (Figure 3) .
Band contour simulations of the main fundamentals of the most stable g Gg isomer are shown in Figure 5 (b) for the fingerprint region and compared to the jet-cooled FTIR spectrum recorded in helium ( Figure 5(a) ). A relatively good agreement is observed between experimental and calculated band contours, except for the ν CC and δ NH 2 bands at 901 and 1625 cm 1 for which the band contour differences observed could indicate the presence of vibrational coupling with low-frequency large amplitude motions.
Finally, the most intense combination or overtone bands of the g Gg isomer have been examined to check if they could contribute to the jet-cooled FTIR spectra. Although VPT2 undergoes some limitations for overtone bands, 44 a satisfactory agreement is obtained between our calculations and the 2ν OHb and 2ν NH 2 asym or 2ν NH 2 sym modes observed by Thomsen et al. at 6944 cm 1 and 6613 cm 1 . 19 The corresponding frequencies calculated here are 6957 for 2ν OHb and 6717 and 6639 cm 1 for 2ν NH 2 asym or 2ν NH 2 sym , respectively, which gives confidence in the proposed assignments. Three combination bands are therefore likely to appear in the fingerprint region: the (τ NH 2 + τ OCCN ) mode at 1047 cm 1 (intensity ≈ 20 km/mol) contributes to the background below the ν CN,CO asym band, and both (τ CH 2 + τ NH 2 ) and (ν CN,CO asym + δ OCCN ) modes located at 1403 and 1416 cm 1 with intensities of 14 and 10 km/mol, respectively, could be involved in the shoulder on the high-energy side of the ω CH 2 mode at 1397 cm 1 .
B. Dimer
Due to the competition between inter-and intra-molecular hydrogen bonding, several dimer geometries should be taken into account. The anticipated structures, depicted in Figure 6 are as follows: first, the insertion structure is obtained by inserting the OH group of a sub-unit into the hydrogen bond of the other. An OH· · · OH· · · NH 2 motif is formed. Although the intramolecular OH· · · N bond of the acceptor is not disrupted, it is slightly distorted so that the OH group of the donor can be inserted. As a result, the OH of the donor acts as a double donor, towards the two NH 2 groups, as well as an acceptor from the OH of the other molecule in the addition structure, monomers are bounded by only one OH· · · N intermolecular bond. In the head-to-head structure, the two intramolecular hydrogen bonds open up. The monomers are bounded by two OH· · · N intermolecular bonds, forming a cyclic dimer as in the case of carboxylic acid. 45 Except from the acceptor unit of the insertion structure, dimers are composed of the less stable gGt monomeric form. Although kinetics of dimerization is hard to assess, the OH· · · N intramolecular hydrogen bond of the g Gg form seems to open up to the benefit of strong OH· · · N intermolecular interactions so that the monomers adopt a structure optimizing intramolecular NH· · · O interactions. It should also be noted that, like ethylene glycol, AE has transient chirality and may be cooled down in its P or M enantiomer. 46 Dimers of identical or opposite chirality have therefore been taken into account in the conformational search and optimization procedure.
The energetics of selected dimers is presented in Table III as well as relevant molecular parameters. The optimized Cartesian coordinates of each structure are reported in Part 3 of the supplementary material. The 3-D NCI plots as well as densities at the relevant critical points are reported in Part 4 of the supplementary material. The dimers listed in Table  III are not exhaustive and must be seen as illustrative examplesof the possible structures (Fig. 7) . The monomer geometry is strongly distorted in all the calculated structures. Insertion and addition dimers can be safely discarded as they lie much higher in energy than head-to-head dimers. Moreover, the nonequivalence of the OH groups in addition dimers results in distinct OH stretch bands of comparable intensity, which does not correspond to the observed spectrum (see hereafter).
The head-to-head dimer can be formed either in a homochiral or heterochiral manner. The homochiral dimer is by far the most stable one. Chirality synchronization has been already observed in systems showing transient chirality, either homochiral preference as in the ethylene glycol dimer or preference for monomers of opposite chirality like in the 2fluoroethanol dimer. 47, 48 In the case described here, the energy difference amounts to 9.8 kJ/mol. The structural differences between heterochiral and homochiral dimers are related to the balance between intermolecular and intramolecular hydrogen bonds. The heterochiral dimer shows longer intermolecular OH· · · N hydrogen bonds, not completely counterbalanced by stronger intramolecular NH· · · O bonds. From energetic considerations, the observed dimer can be safely assigned to the homochiral head-to-head dimer. This assignment is confirmed by the analysis of the IR spectrum, performed using the TABLE III. Energetics of selected stable structures of the dimer at the MP2/AVTZ level of theory. For dissymmetric dimers, M1 (M2) stands for the molecule located on the left (right) hand side in Figure 6 . MP2/AVTZ harmonic frequencies scaled by the modespecific scaling factor. The assignment has been done taking into account the most intense modes (>40 km/mol) of the most stable conformer (head to head homochiral dimer) in the spectral windows covered by the experiment. Table IV gathers the selected computed frequencies for the head-to-head homochiral dimer and the g Gg monomer, as well as the corresponding experimental frequencies and the mode-specific scaling factors. Experimental and theoretical frequency shifts from monomer to dimer are also reported. The analysis of Table IV leads to the following observations. First, the scaling factor for the modes involving the OH group (ν(OH) and τ(OH)) is very close to the 0.958 value proposed as an "average" scaling factor for the MP2/AVTZ method. 37 Second, the agreement between calculated and experimental frequencies depends on the mode: both scaled frequencies and shifts are in excellent agreement with experiment, for the mode observed at 919 and 1037 cm 1 . The agreement is not as good but still satisfactory for the deformation mode involving the NH 2 group δ NH 2 . The discrepancy arises from the fact that the scaling factor calculated from the monomer does not take into account the anharmonicity arising from the coupling with intermolecular vibrational modes. This effect often is important in hydrogen-bonded systems, especially when water is involved. 43, [49] [50] [51] The red shift of ν OH is overestimated in our calculation, most probably due to both the well-known overestimation of the hydrogen bond strength by MP2, the modification of both diagonal and non-diagonal anharmonicity upon dimerization, and the uncalculated coupling with intermolecular modes. 52, 53 Moreover, the strong IR intensity (1728 km/mol) calculated for the out of phase ν OH mode is consistent with the strong band observed at 3304 cm 1 . The ν CN,CO sym band observed at 1093 cm 1 for the AE monomer is computed nearly unchanged in the dimer and might be hidden by that of the monomer. However the small shoulder present around 1105 cm 1 (see Figure 2 (c)) could correspond to the in phase ν CN,CO sym but also to the delocalized mode with a harmonic frequency of 1139 cm 1 . For this mode, there is no direct correspondence between a monomer and the dimer mode, due to the deformation of the monomer upon dimerization. The use of the scaling procedure was therefore not possible. Both modes are weak and the shoulder probably is a superposition of the two of them. The in phase ν OH stretch and the out of phase τ OH torsion are not assigned, probably due to an overestimation of their harmonic intensity.
For other dimer conformations, the most intense ν OH stretching modes are shifted from that of the head to head homochiral. The shift amounts to +14 cm 1 , 61 cm 1 , and +53 cm 1 for the head to head heterochiral, the insertion, and the addition conformers, with intensity of 1342, 644, and 1027 km/mol, respectively. The MP2/AVTZ harmonic frequencies of the 4 dimer structures are gathered in Part 5 of the supplementary material. The ν OH stretch of the addition dimer could be responsible for the small band observed at 3388 cm 1 , 84 cm 1 higher in energy than that of the head to head homochiral. However, this conformer can be safely ruled out from energetic considerations as it is destabilized by 26 kJ/mol relative to the most stable form. As mentioned in the experimental part, this band is probably the signature of a larger AE complex.
V. CONCLUSIONS
The FTIR vibrational spectra of amino-ethanol and its dimer have been recorded in jet-cooled conditions in three different regions, namely, the hydride stretch region (3250-3650 cm 1 ), the fingerprint region (850-1850 cm 1 ), and the far-IR region (150-650 cm 1 ), using the Jet-AILES apparatus at the synchrotron facility SOLEIL. These experiments confirm that the main monomer observed in jet-cooled conditions is the g Gg form, which is responsible for all the bands observed in the hydride stretch and fingerprint regions. Less abundant conformers, namely gGt and tGt, could contribute to the room temperature spectrum in the far-IR region. Both energetic and spectroscopic criteria also show that the experimentally observed AE dimer is the head-to-head homochiral one, in which the intramolecular hydrogen bond of the monomer opens up to form a head-to-head dimer involving two strong hydrogen bonds. The transient axial chirality of the two monomers has to be synchronized for optimal interaction between them, as already observed in diols. 46 The work conducted here also shows that correcting the harmonic frequencies calculated at the CCSD(T)-F12/aug-cc-pVDZ level by anharmonicity corrections arising from anharmonic calculations at the MP2/aug-cc-pVTZ level yields satisfactory results for the monomer, at an affordable calculation cost. Mode-specific scaling factors deduced from the ratio between experimental and computed frequencies for the monomers have been used for the assignment of the dimer, with a satisfactory agreement between experimental and theoretical results.
SUPPLEMENTARY MATERIAL
See supplementary material for the Cartesian coordinates, the harmonic and anharmonic frequencies computed of the four most stable conformers of aminoethanol monomer (parts 1 and 2, respectively) and dimer (parts 3 and 4, respectively), and for the NCI 3-D plots of the four most stable conformations of aminoethanol dimer (part 5).
